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“ The Cost of the Generation and Distribution of 
Electrical  Energy.” 

By ROOKES EVELYS BELL CROMPTOS, M. Inst. C.E. 

AT the present moment the extended use of electrical energy for 
the production of light, for the transmission of power, for electric 
railways,  welding,  tanning, sugar-refining,  sewage-purification, 
and a host of other  industrial processes, is  exciting so much atten- 
tion,  that it may be said to be a new  departure in engineering. The 
Author proposes to  draw  attention to  the various  factors  which 
govern that  part of the cost of its production, which  is more particu- 
larly  interesting to  engineers. In  this  Paper only those cases are 
dealt  with where steam-power is used for driving  the  generating 
machinery. It will be seen hereafter that  many of the points 
to  which  attention  must be  directed ought  really to concern 
not  only electrical  engineers, but  all users of steam-power. Up 
to the present date  by  far  the  largest employment of electricity 
has been for the production of light,  and most of the  data on which 
this  Paper  is based have been obtained from electric-lighting 
stations. 

The  machinery for the  supply  and  distribution of electrical 
energy comes under two  heads, which  will be treated separately. 

1st.  The  generating-plant,  which comprises boilers, steam- 
dynamos, and  switching-apparatus. 

2nd. The  distributing-plant, consisting of a network of con- 
ductors  laid  underground  throughout  the  district  which is to be 
supplied, supplemented in some cases by  storage  in accunlulators, 
in  other cases by  transforming-apparatus to  change the  energy 
from  high-pressure to low-pressure. 
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Proceedings.] CROMPTON ON ELECTRICAL ENERGY. 3 

PART I.-COST OF GENERATIOX. 
It is still conlmonly held  that electric lighting,  and  other 

applications of electrical  energy, will not come into general use 
until it can be produced and sold a t  a cost equivalent  to  that of 
gas. As a t  present the minimum prices charged by electric-supply 
companies are  far  in excess of this, i t  is believed that,  although 
theoretically a greater amount of energy  in  the  shape of light can 
be obtained from the coal by electrical means than  by  burning  the 
gas from it,  yet  practically it costs more. The  Author proposes 
to show that  the  actual  engineering cost of production and dis- 
tribution  will even now compare favourably  with  that of an 
equivalent  amount of gas, and  that  if it were made on as great 
a scale, the prices of the two would be brought  nearly to  a level. 
Hitherto  all  the completed electrical stations have been worked at  
a very  small  output compared with  the capabilities of their 
machinery, and  the complete working staff which is  suitable 
for the  large consumption expected in  the  future. As soon as 
the demand is sufficient to  enable these stations  to be worked a t  
their  full  rate of output,  the  total cost of production will be 
greatly reduced. I n  this  Paper it is  not proposed to discuss the 
fixed charges, such as the expenses of management, collection of‘ 
revenues, legal  and  parliamentary expenses, renewal  fund,  rates, 
rents, taxes, and so forth,  which depend on the scale of production, 
but  the  Author confines himself to  the consideration of that  part 
of the cost which  is  interesting to t.he engineer, viz., the  material 
used, i.e., the fuel, water,  and  petty stores, and  the lahour, i.e., 
the wages and superintendence, and  thirdly,  the cost of upkeep of 
the  plant. 

I t  is  well  known  that,  in consequence of the  great advances 
in  the construction of dynamos, efficiencies reaching 96 per cent. 
have been reached. The cost therefore of the electrical energy 
thus  obtained  ought  only to be a  small fraction in excess of that 
of a corresponding amount of mechanical energy. The somewhat 
wide differences which at  present appear  to  exist between the 
calculated amount  and  the figures  obtained in  actual practice, will 
now be considered. 

The  three  items of cost, viz., material,  labour  and upkeep, are 
influenced chiefly by- 

a. IVtlat, for want of a better  term,  is hereafter called the  “load- 
factor,” that is, the  relation  which  the  actual  output of a plant of 
any  given size bears to  what would be its  output if worked con- 
tinuously  day  and  night, at  the  full load for the sa,me period. 

B 2  
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4 CROMPTON ON ELECTRICAL ERERGY. [Minutes of 

b. By  the design and  arrangement of the  plant to best suit  this 

c. By  the local cost of material  and labour. 
load-factor ; and 

LOAD-FACTOR. 

Although  the builders of high-class  boilers and steam-engines 
claim that  they  only  require l * 5 lb. of coal per I.HP. per hour, 
these figures are reached only  when  the engines are worked at  full 
or at  nearly  full load for a considerable fraction of the  twenty-four 
hours. Marine engines run  practically  at  full power from leaving 
port  to  entering port, and it is from them that  the  high  duties 
claimed  for  triple-expansion  condensing  engines have been obtained. 
The same may be said of pumping-machinery-which is worked a t  
a regular load and for long hours-and also of many of the mill- 
engines  driving  spinning-machinery  in  the  north of England; 
but  the case is  widely different  when  these same boilers and 
engines  are required to  drive electric generating-plant for the 
purpose of lighting a town. The time during  which  the  greatest 
amount of the  lighting  is  required  in summer may be only two 
hours out of the  twenty-four,  and even in  winter,  during  the 
shortest days, it may  extend  to  eight hours ont of the  twenty- 
four. I n  order to show the  extent  to  which these  conditions of 
partial  loading affect the cost of electrical  energy, the  Author  has 
given  the name of load-factor to  the  relation  which  the  actual 
output of a plant of any  given size bears to  what would be its  out- 
put  if it were worked continuously day and night  at  the  full load 
for the same period. For instance,  if in  a lighting-station  the 
output of the  plant  working continuously day  and  night  the  full 
power for the  month of November be taken  at 100 units, whereas 
it is found that  the  actual  output  is 1 6 -  6 units,  then i t  would be 
said that  the load-factor for that  station for the  month of November 
was 16 .6  per  cent. In  the summer months at  the same station it 
may  perhaps  fall as low as 5 per cent. A second way of describing 
the load-factor is to say that  it  is  the  relation which the area of 
all  the load-diagrams of a week, month, or  any  given period, bears 
to  the  area of all  the  rectangles contained  between the base line 
on which they  are  drawn,  and a line  parallel to it through  the 
highest  point of maximum load observed a t  any time  during  the 
year. Fig. 1 (p. 7)  shows a curve for a central  station in a  resi- 
dential London district for one day in  the  month of November. 

The  Author reduces all questions of cost to the Board of Trade 
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unit of 1,000 watts supplied for l hour, which  has been fixed by 
Act of Parliament as the  unit for the sale of electrical  energy. It 
is based on the  international system of electrical  measurements 
adopted throughout  the world. Electrical  energy consists of the 
product of two  factors;  the  current measured in amperes, and 
the electrical  pressure measured in  volts. The  unit  being  the 
product of a rate  into time, it is necessary when  speaking of power, 
i.e., the  rate of doing work,  to use the  term  kilowatt, or 1,000 watts, 
and as the  English HP. is 746 watts, a kilowatt  is equal to 
14- HP. The Board of Trade  regulations  draw  the  line between 
high-  and low-pressure supply a t  300 volts. It will be seen here- 
after to what  extent  the difference between high-  and low-pressure 
systems, about  which fierce controversies have  arisen, affects the 
cost of the generation and  distribution of the energy. 

STANDARD OF CONPARISON. 
I n  order to compare the  relative economy of fuel, water, or 

other  material used in  generating electrical  energy, the  Author 
has fixed on a  consumption of 25 lbs. of water, or 24 lbs. of Welsh 
coal per unit generated, as a standard  which  may be reached 
in  the  future.  This  quantity  is  arrived  at as follows. High- 
class steam-engines can be and  are constructed  to use only 18 lbs. 
of water per effective HP. per  hour, so that if a  dynamo of 96 per 
cent. efficiency is coupled on to  them  they  will use 18 * 8 lbs. of 
water per  electrical HP. This is equal to 25 lbs.  per unit,  or 
2$ lbs. of coal, if  boilers and economisers doing an evaporative 
duty of 10 lbs. of water per lb. of coal are employed. 

Nothing  approaching these figures has ever been attained  in 
practice. The  next  step  is to show in  what degree low load- 
factors and imperfect  design of the  plants  have  contributed to the 
various losses found to  exist.  The  Author  at one time hoped 
to  be able  to make this  Paper perfectly  general and impersonal, 
that  is  to say, to collect and  tabulate  data from a large  number of 
electric-supply stations, and from them to draw general concla- 
sions  as to  the influence of the  three  items of load-factor, design 
and cost of material  and labour, upon the cost of the energy. It 
was found, however, that  the replies  to the queries  circulated 
came in so slowly that  i t  would have delayed the presentation of 
this Paper. He  has therefore been compelled to modify his plan, 
and to show how far these  factors  have affected the cost of the 
stations over which  he  has personal  control, contenting himself 
with  giving  at  the end of the  Paper  tabular  statements of the 
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results obtained from other stations. Most of the  data  have been 
drawn from one of the  stations of the  Kensington  and  Knights- 
bridge  Electric  Lighting Company, of which  the  Author  is  the 
Engineer, and from the St.  James’s and  Pall  illall  Electric  Lighting 
Company, of which Mr. Sidney Dobson is  the  Engineer. It is 
necessary to  describe one of these stations  in  general terms, in 
order that  the  Paper  may be more readily followed. 

The  Eensington  central  station of the Kensington and  Knights- 
bridge  Electric  Light,ing Company (Figs. 1, 2, 3, Plate l), consists 
of a block of buildings containing, at  the  time  this  Paper was 
written,  three  water-tube boilers of the Babcock and Wilcox type, 
capable of working collectively up to 750 HP. ; four large steam 
dynamos driven  by  Willans engines  each of 200 HP. ; and  three 
smaller  steam-dynamos also driven  by  Willans engines of about 
80 HP. each. The  current  generated  has a pressure of about 
208 to 210 volts. I n  order  to  increase the  regularity  and  trust- 
worthiness of the  supply,  storage-plant  has been provided in  the 
shape of large  batteries of accumulators situated at  the  generating 
station,  and a t  a small  distributing-station in Queen’s Gate, at  a 
distance qf about 1,000 yards. 

The Company has a second generating-station  in Knightsbridge, 
vhich is of a type  similar  to  that at  Kensington. Being 
connected on to the same mains, it affords an additional source 
of safety, as the breakdown of one station cannot affect  the 
general  supply of the  district. It will be seen that  the systenl 
adopted is SO simple and so free from complications, that it affords 
exceptional facilities for the  investigation of the causes of loss 
or  want of efficiency through  the  entire process of generation ancl 
distribution. Moreover it has  now been a t  work for nearly four 
years, and  during  the whole of the time  accurate cost accounts 
have been kept.  Through  the kindness of the Directors of the 
Company, the  Author has been allowed to make use of these  for the 
purposes of this  Paper in order to illustrate  the points  to which 
he wishes to draw  attention. 

The St.  James’s and  Pall Mall Electric  Light Company, Limited, 
has a generating-station  in Mason’s Yard, which is, with  the 
exception that  the boilers are of the locomotive type made by 
Messrs. Davey, Paxman  and Company, and  that no storage-plant 
is employed, similar in  general  arrangements to that  already 
described. Through  the  kindness of Nr. Sidney Dobson, the 
Author  has been furnished  with  extracts from the cost-sheets of 
the Company and  with copies of load-diagrams whiuh serve to 
further  illustrate  the same points. 
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A. Load-fcrcfor.-Fig. 1 is the  load-curre  taken at  the  Kensington 
station on the  6th November, 1890. As the  total  output of 
the  plant i f  worked  continuously would, at  its fair  rate of 
300 kilowatts, be 7,200 units, whereas the  area of the load-diagram 
is only  equal  to 1,200 units,  the load-factor of this day is 1 6 . 6  
per cent. On this  day  the steam-dynamos were run for eleven 
hours, but  the demand was only heavy enough during  two  and a 
half  hours  to require a second boiler to  be lighted,  and four  steam- 
dynamos  to be simultaneously in use. During  eight  and a half 
hours the power required was only  one-third of the maximum, and 

Fig. 1. 
I M P E I . .  

D 

A Y  
, to I . ~  20 3 0  4 0  s o  6.0 7 0  8 0  8 0  100 u-0 i%o 1.0 ZQ 3-0 40  6-0 6.3 7.0 8.0 9 0  100 110 170 

DIAGRAM OF TWENTY-FOUR HOCI~S’ OCTPL-T OF KENSINGTON COUET CENTBAL- 
AJD QUEEN’S GATE BATTERY-STATIONS. 

Autumn load (thick line) tdken Xovember 6th, 1890. Normal midwinter load (thin  line) 
taken December 2nd, 1890. 

P. M. 

during  the  remaining  thirteen hours the whole of the  generating- 
plant was stopped, the  supply  being  maintained from the ac- 
cumulators. The load-factor for the  month of November is 12.  I ,  
and for December, 21. G ,  while for August i t  is 2 . 5 ,  and for 
the whole year  only 7 * 65.1 The shape of the load-diagram 
in a high-class residential  part of London is due  to  the  habits of 
its  inhabitants. Of lat,e  years the  better class of shops have been 
closed at  7 P.Y. If  the  bulk of the  lighting of the  private houses did 
not. begin  until  after  the closing of the shops it would very much 

This should have bccn 12.8.-R. E. C., Ju ly  13, 1891. 
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improve the load-diagram and loacl-factor. Unfortunately,  this 
is not the case, as the  lighting  in  private houses comnences 
in the  winter  evenings  at four o’clock, and probably reaches 
its maximum just before seven o’clock, so that  the two  portions 
of the load overlap one another.  The reason is  that  at  this 
hour  in  the  majority of the houses a great  number of the bed- 
room lights  are  in use on account of people dressing for dinner, 
while  at  the same time  the reception rooms are also fully  lighted. 
Shortly  after seven o’clock the bed-room lights  are  shut off and  the 
large shops are closed, and  by  eight o’clock the load fdls to one- 
half of what  it  was. 
Fig. 2 is the load-curve of the St. James’s and Pall Mall 

Company’s station,  taken on December 31st, 1890. The load-factor 
for this  day  is 41 s . 5  ; for the whole month of December i t  is 39.5,  
and for the  year  about 24. The reason why  the load-curves, and 
consequently the load-factors of this  station,  are so much greater 
than those a t  Kensington, is  that it is situated  in  the  centre 
of the  district  containing most of the London clubs, as well as 
many  restaurants  and theatres.  Noreover, fogs are much more 
prevalent  than  is  the case in Kensington,  and  the  requirements of 
private-house lighting  play a secondary part. 

R. The Design of the NaclLinery.-The Author  is  entirely 
responsible for the design of the  machinery employed in  this case. 
He was influenced by a certain knowledge of the load-curve, and 
by  the  fact  that  he  was  unable to obtain  water for condensing 
purposes in  this  part of London. Again, as the floor space in  the 
station for machinery  was limited, he  was compelled to  adopt the 
system,  since largely followed, of using  the high-speed single- 
acting engines which  have been so fully described by Mr. Willans.’ 
such engines, coupled so as  to drive dynamos  direct, occupy a 
minimum of space, and  are a most efficient means of transforming 
the  energy of the steam into electrical  energy. Although  the 
present  arrangement of machinery was settled at  least four years 
ago, in  most respects it resembles closely that  which recent 
experience in  working has  shown  to be best suited for econonlically 
generating  the  energy for the  supply of this  particular  district. 
The  amount of fuel, water,  and  petty stores consumed in 
this  station  has shown  a gradually improved economy, having 
fallen from about 1 2  Ibs. of coal per unit generated  four years 
ago, to about 8 Ibs. per unit at  the present time. I t  will he 
noticed that  this  falls considerably short of the above-mentioned 

Minutes of Proceedings  Inst. C.E., vol. xciii. p. 128 
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standard of 2 5 lbs. of coal per unit  generated, and for the following 
reasons. 

Fiy. 2. 

4500 
lMPERCS 

120 10 2 0  3 0  10 5 0  6 0  7 0  80 9 0  100 110 I 2 0  1 0  2.0 3.0 L0 5 0  6 0  W 80 80 10.0 f l O $ E  
A *  

NIDWINTEB LOAD-CURTES O F  THE ST. JAMES’S  AND PALL 1\IALL ELECTRIC 
LIGHT COMPANY, LIXITED. 

The heavy line indicates that of December 30tI1, 1890; the  thin line indicates that of 
Uecember 22nd, 1890, w-hich  was foggy. 

I. As condensing water was not  available, the increased economy 

2. On account of the low load-factor, the  Author considered that 
of condensing-engines  was not obtainable. 
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10 CROMPTON ON ELECTRICAL ENERGY. [Minutes of 

compound engines would be more economical than triple-expansion 
engines. 

3. At  the  time  the  station  was designed, the dynamos were 
not constructed of as high efficiency as at  present. 

But  taking  things as they are,  if any portion of this  plant  is  run 
for test-trial at  full load under  the hest conditions, it  will be  found 
that  the consumption of Welsh coal is 4.8 Ibs. per unit delivered. 
The difference between this figure and  the average of the  last year's 
working, viz., 9 . 5  h . ,  is almost entirely due  to the low load-factor. 

I n  attempting to show in  what  way  this efficiency depends on 
that of the boilers, and of the engines and dynamos, the  Author 

Fig. 3. 

0 I1 22 33 dc 55 66 77 88 9S [l0 12t. I32 K 3  &I f65 / ; E  
S C A L E  FOR L I  ENGINE 

CLRVE OF WATEK-CONSUIIIPTION PER INDICATED ABD ELECTRICAL 
HORSE-POWER HOCK. 

llas been greatly aided by Nr. Willans, who has mrried out 
quantitative  tests  with steam-dynamos of known efficiency worked 
for sufficiently long periods to determine  accurately  the com- 
parative consumption of his  engines  in lbs. of water per unit  at 
varying loads. Fig. 3 shows, in  the form of a curve, the  results 
thus obtained by Mr. Willans.  The  next  step  was to take careful 
notes over several  days' working to  ascertain the  extent to which 
each of the steam-dynamos used in the  station  contributed towards 
the  total  output,.and Fip. 4 show how, on the  6th Kovemher, the 
daily load-curve  was actually  built  up from the loads of the 
various engines employed. 
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The  curve of Fig. 3 ,  was then employed to calculate the  actual 
amount of water  that should have been used by each steam- 
dynamo, and  the  results  are set forth  in  Table I, Appendix. The 
total  water  thus calculated was found to be 4 per  cent. in excess of 
the amount which was known to have been pumped into  the boilers, 
and  which was measured by two of Schonheyder’s high-pressure 
water-meters. The remarkable agreement of these two  results 
shows the accuracy of the observations and of  Mr. Willans’ method 
of calculation. The  net  result shows that  although  in  this  station 
the  partial use of accumulator-storage  enables the engines  to be 

DIAGRAXS O F  EXERGY GESERATED AT KENSIXGTON C O r R T  CENTRAL  STATION 
ON NOVEMBER 6TH, 1890. 

loaded far more fully  than  is possible when no storage is employed, 
yet  in  spite of this  the  result of the  partial  loading is to  increase 
the steam used by  the engines and dynamos from 38 to 4 5  Ibs. per 
unit,  that is, by upwards of 16 per cent. 

With weighed coal, and  water measured by Schiinheyder’s meter, 
a careful trial of the boilers over a given period shows that  they 
can evaporate 9 lbs. of water per lb. of coal, whereas on the 
day  in question, the eoaporation was only 7 - 7 5  Ibs., which shows 
a falling off of 15 per  cent. When these  two reduced efficiencies 
of the boilers and steam-dynamos are combined, it is found that 
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the  partial  loading  during  the  day on which these  experiments 
were  made reduced the theoretical efficiency of the  plant  in  the 
proportion of 100 to 70. In  other words, instead of using 38 lbs. 
of  water, or 4.25 lbs. of coal per unit generated, the  actual use was 
45.5 lbs. of water,  or 6 lbs. of coal per unit generated.  These 
experiments shorn distinctly  that even in a generating-station  in 
which  the  engines were  worked  for fairly  long  runs,  and  at  an 
average of not less than  three-quarters of the  full  output,  the cost 
of fuel  and  water in the  month of November was increased 
40 per  cent. by  the  low load-factor. As the  average con- 
sumption  during  the  year is considerably in excess of that of 
the  6th November, it follows that  if  similar  experinlental  data 
were obtained from a day  in  the  month of July,  the increase due 
t o  the muoh lower load-factor at  that  time would be still more 
striking. 

The same cause affects to  a considerable  degree the  quantity of 
the  petty stores required,  that  is  to say, the oil and  waste;  but as 
the  total expense of such  items, with these steam-dynamos, is  trifling 
in  amount, it  is not worth  dwelling on in  this place ; although  in 
stations  which employ large open engines,  the increase in cost 
per  unit delivered,  on  account of the necessity of frequently 
stopping  and  oiling  up, would  be considerable. 

The  next item on which  the low load-factor tells  is  that of 
labour. The  fact  that  in order to obtain a reasonable load on the 
steam-dynamos it is necessary to  subdivide the work  among  a 
considerable number of engines, starting  them one by one as  the 
demand increases, of course adds  to the  number of the  attendants 
required in  the  station. No saving on this point could be made 
if the  energy were generated  by means of one large steam-dynamo 
worked through widely varying  limits of load, as even then reserve- 
plant of equal size would have  to be  provided and held in readiness 
i n  case of a  breakdown. The prompt starting of such  heavy 
reserve plant would require at  least as many  attendants as are 
needed for the  larger  number of small  steam-dynamos actually used. 

At  this point attention must be drawn to the  great reduction in 
cost of labour effected in  this  station  by  the use of sufficient 
storage-cells  to enable  the  current  during  thirteen hours of 
the  twenty-four to  be  supplied from them  instead of from the 
engines. As the  Kensington  station belongs to a statutory com- 
pany,  which  is obliged to supply electrical energy continuously 
throughout  the  twenty-four hours,  if  accumulators  were  not 
employed the only alternative would be the use of special small 
and complete sets of moving plant,  with reserve power of steam- 
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engines and dynamos of the proper size to be worked throughout 
the period of light load at  a  point of fair efficiency. It is evident, 
however, that such extra  sets of machinery would occupy consider- 
able space and  greatly increase the complication of the  plant. 
The use of a sufficient amount of storage-cells to  provide the 
energy  during  the  thirteen hours of light load possesses many 
important advantages. In  the first place the accumulators can be 
filled up  at  times of light load within  the eleven hours that  the 
engines are  actually  running.  They can also be drawn upon to 
supplement  the  supply from the steam-dynamos at  the times of 
greatest demand and so reduce the number of boilers and steam- 
engines  that  require to be put  into action for very  short runs. In 
this  way  the  shape of the load-curve supplied by  the nloving 
machinery  can  be greatly improved. An  additional  advantage 
afforded by  the use of accumulators is  security  against  the 
extinction of the  light from a temporary stoppage of the 
nloving  machinery, or clumsy manipulation of the  switching 
apparatus. 

I n  order to ascertain  to what  extent  the storage-cells increase 
the efficiency of the  generating-plant,  the Aut,hor has prepared a 
set of calculations given in  Table 11, Appendix, and represented 
graphically  in Fig. 5. The curves on this diagram show, in decimals 
of a  penny, the cost per  unit of the materials, labour  and upkeep 
of the  plant.  The  ordinates on the extreme left represent the cost 
when  the whole output  is obtained from moving  machinery, 
without accumulators.  Proceeding  towards the  right  the use of 
accumulators is gradually increased, and  that of moving  machinery 
diminished, until  the point is reached at  which it is  only sufficient 
to supply  the  output  by  working continuously in conjunction with 
the accumulators throughout  the  twenty-four hours, taking a 
foggy  day of the  highest possible demand that  is  liable  to be met 
with  in London., The lowest curve shows the cost of the  materials 
used;  the space between the  next two corresponds to the engine- 
room labour;  then comes the  sum allowed for upkeep of engines. 
and dynamos, which  is  taken a t  6 per  cent. for upkeep, and 
5 per cent. for interest on plant. After this  there  is  the sum on 
boilers taken at  10 per cent. and 5 per cent., and  finally  the  upkeep 
and  interest on accumulators, which  is  taken a t  12 per  cent. and 
5 per cent., or 17  per cent. I t  is obvious that it was necessary 
to add 5 per. cent. throughout for interest on the amount of 
the  capital expended on the two classes of plant, otherwise the 
comparison would not have been a fair one. It will be seen from 
this  diagram  that  the mere addition of accumulators to meet 
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10 per cent.  only of the  output of the  twenty-four hours, is sufficient 
to reduce the cost of the  material used by 30 per cent., and of 
the labour by 33 per  cent. ; whereas the increase of cost due  to the 
upkeep of the accumulators is small, so that  the  result  is to lessen 
the  total cost of production by 28 per cent. This reduction  continues 
until  the lowest figure is reached at  the point  where the  supply 
from the accumulators amounts to about 18 per  cent. of the whole. 
The cause of the  great reduction in  materials used is mainly due 
t o  the  fact  that  the  moving  plant  is more fully loaded in sulnmer, 
and  that  it  is not necessary to keep  the  machinery  running  at a 
light load throughout  the whole night. Again, in  the case of 
labour, a night-shift is dispensed with  throughout  the  gear, and in 

CCIWE s1wwIm TEE MOST ECONOXICAL PROPORTION OF STORAGE. 

other ways the engine-room staff can be somewhat reduced. For 
the purposes of this  diagram 8 lbs.  per unit  has been taken as the 
consumption of coal when  there  are no accundators,  and 4 .25  lbs. 
when accumulators are used to  the  greatest  extent. As a matter 
of fact, 8 lbs. per unit  is a better  result  than has ever yet been 
obtained  throughout  the  year  in  any of the London stations 
where accumulators are not used, and as will hereafter  appear, 
there is no reason to  doubt that  without  altering  the machinery at  
present in use a t  Kensington, such  a  consumption as 4 . 5  lbs. per 
unit may easily be obtained by continuous  loading. I t  may be 
objected that  the use of accumulators entails a certain increased 
loss of energy. This loss is allowed for in  the  Table ; that 
is to say, the  fuel is calculated on the  net  units delivered a t  
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the  terminals of the dynamo in one case, or in  net  units  at  the 
terminals of the accumulators in  the  other.  This necessitates, 
of course, a greater  number of units  being  generated  by  the 
dynamos in proportion  as the accumulator plant  is increased. 
At  Kensington  it  is found that  the  total loss of energy from this 
cause need never exceed 20 per  cent. of the  total  amount  which 
is  taken  out of the  storage cells at  the  time when they  are  being 
discharged by themselves, i.e., when  no moving plant is running. 
If this  quantity  is  only 20 per  cent. of the whole, then  the  total 
loss due to the accumulators is only 4 per cent. of the whole ; in 
other words, the  number of units  generated  has t o  be increased by 
4 per cent.  only. 

As i t  is  evident  that  the staff employed cannot  be greatly reduced 
during  the summer mont,hs, the  smaller  output or load-factor makes 
the labour item  very  heavy  at  that season. I n  order to show 
what would be the effect on the cost of labonr of increasing  the 
load-factor for the  experimental  day, November 6, i t  is necessary 
first  to take  the  actual cost per  unit on the average of that month, 
which  is found to  be 0.37d. If now the period of heavy load were 
prolonged three hours by  the  attachment to the system of theatre-, 
hotel-, or club-lighting,  the load-factor would be increased from 
16 * 6 to 22 * 5 ,  and  the cost of labour per unit could be reduced from 
0.37~2. to 0 - 2 7 5 d . ,  and would continue to decrease as long  as  the 
duration of maximum load increased, up to  a certain  limit.  This 
limit would be rather less than  the  duration of one labour-shift,  as 
i t  would be necessary to allow time for the  generating-machinery to 
fill up  the  storage-plant before stopping for the  night. I n  fact, 
there would be a  continuous reduction  in  the cost of material  and 
labour used a t  Kensington, as the period of maximum load was 
extended up  to  eight or nine hours, which would correspond 
probably to a  load-factor of 40 in place of the present 16  -6. After 
this point there would be very  little appreciable gain on the heads 
of cost nom under consideration, although of course there would 
be p e a t  gain  in  the  reduction of the  general charges, which would 
be divisible over an increased output. 

It is  evident  that if the use of electrical  energy for other 
purposes than  lighting becomes general, such increased load-factors 
up to 40 may be  confidently hoped for. 

Summarizing  the  data obtained from the accounts of the 
Kensington Company and  the St.  James’s and  Pall  Mall Com- 
pany,  the effect of load-factor on the consumption of fuel, cost 
of labour, and  petty stores, is shown by  the following tabular 
statement :- 
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I-- August. 

Load-factor . . . . . . 2.500 
Lbs. of coal per unit  generated 12 .S50 

~~ 

Total cost pcr  unit . . . 

-I- 

- l -  

December. 

21.600 
7.900 

0:816 
0.240 
0.025 

1.081 

August. 

6.850 
9‘250 

1.310 
1.650 
0’132 

- l -  
_ -  

_ -  
3.092 

N.B.-Cost of coal includes cartagu of coal and asllcs 

From  this it will be seen that  the  fuel used a t  Kensington  has 
gradually fallen from 12 Ibs. to 7 9 lbs. per unit  generated,  with a 
corresponding decrease in  water  and  petty stores ; that a Getter 
load-factor might possibly with  the present  machinery  reduce this 
7 . 9  lbs.  to 4.5 lbs. ; that,  the labour cost is  about 0*442d., and  that 
by a better load-factor it might be reduced to 0.2d. The only 
question to  be discussed with  regard  to  this  station is, in  what 
direction could the  present  plant ba improved so as  to approxi- 
mate  still more closely to the sta.ndard 2 a 5  lbs. of coal per unit. 

Table 111, Appendix, furnishes  in a tabular form the efficiency of 
various  high-class  dynamos of the present day, when driven  by 
Willans engines. At  least  six makers of electrical  machinery in 
this  country  have  attained a  degree of excellence of which 
English engineers may well  be proud. The  Author takes this 
opportunity of stating how great a debt of gratitude  electricians 
owe to Mr. Willans. The  fact  that Mr. Willans has installed a t  
his works  an  admirably  appointed  plant for testing  the power 
and consumption of water of his engines, and  that he makes 
engines to drive dynamos  constructed by almost every maker in 
England,  has  had  the effect of constituting them  a testing 
establishment from which  accurate and unbiassed results can be 
obtained. There is no doubt  that  the  extremely  high efficiencies 
shown in  the Table, and which have  not been approached, so far 
as  the  Author  is aware, in  any  other  country,  are  mainly  due to 
the competition  which  has arisen from so many makers supplying 
dynamos to be worked by  the one type of engine, I t  is  fair to 
Mr. Willans to state  that he did not claim such high efficiency for 
his engines as  that  given  in  the  Table,  but  the Author’s calcula- 
tions leave no room for doubt  that  the combined efficiencies of 
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engines a.nd dynamos  which are  indisputable  could  not  have  been 
attained  if  the loss in  the engine  was  any  higher  than  that  given 
in  the Table. At  any  rate it is  quite clear that direct-current 
dynamos may be obtained  from  several  makers  which,  when  driven 
by  Willans combined engines,  indicate  a  collective efficiency ex- 
ceeding 85 per cent. of the power  shown by  the indicator-diagrams 
when  fully loaded, and 76 per  cent. when  half  loaded.  This  in- 
crease in  the half-load efficiency is a  most  hopeful  sign. It is 
evident  that  an  improvement of the dynamos at  Kensington to 
the  standard  shown  in  the  Table would  decrease the consumption 
of coal  from the present possible 4-25  lbs. to 3 50 lbs., and 
improvements in  the engines  might reduce this  to 3 * 25 lbs., but 
it is  doubtful  whether  a  station  with non-condensing  engines  will 
ever,  even under  the most  favourable  conditions,  work  below  this 
figure. 

The  Author  has  limited  his  remarks on generating  machinery 
to  the consideration of the steam-dynamos in  use at  Kensington 
and by  the  St. James’s  and Pall Mall  Company, because he  believes 
that  they represent the most advanced  and most economical type 
of generating  apparatus  that has yet been  introduced in  this or 
in  any  other country. It would  be interesting  to compare with 
these  high-speed sets  driven  by  Willans engines, the performances 
of the best  class of ordinary  double-acting steam-engines, either 
driving  the  dynamo direct, or by ropes or belts.  Although  the 
Author  has  taken  great  pains  to  obtain  data from most existing 
central  stations,  he finds that whereas  those using  the  Willans 
form of machinery  have been very  ready to afford information, 
the  contrary  has been the case with those  using  slow-running 
sets. He can  only suppose that it is because the low  load-factors 
are  found  to  act  even more injuriously on the economy of the 
ordinary  type of engine  than  they  do on the high-speed  type. 
But  quite  apart from  experience in  actual practice, he finds that it 
is impossible to  get  manufacturers of steam-engines of the  ordinary 
type  to  guarantee  such  a  high economy of water  per  electrical 
horse-power  delivered at  the terminals of the steam-dynamo 
when  the  ordinary  type of engines  are used, as he  has  been 
able to obtain  from Messrs. Willans  with  the high-speed  type. 
On the  Continent  splendid examples exist of direct-driven 
steam-dynamos running  at a speed of about 75 revolutions  per 
minute. The four  large  central  stations  belonging to  the  Berliner 
Elecktricitaets  Werke  are  fitted  with  engines of from 300 HP. 
to 500 HP. each,  constructed by  the firm of Van  der Kirchove of 
Ghent,  the dynamos being made by Messrs. Siemens  and  Halske, 
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of Berlin. In   a l l  probability  this  machinery  at full-power test- 
runs  (although  perhaps  three  times  as costly  as the high-speed 
machinery of equal power which  the  Author  has been using)  is 
only of about  the same economical efficiency ; but  here  again low 
load-factors appear  to cause the same reduction  in efficiency as  in 
England. 

The  Author  had hoped to be able  to  give in  this  Paper  the 
actual  working costs of some of these  installations.  The figures 
were  shown  to  him  eighteen  months ago by  Herr Von &filler, a 
director of the company, and as far as he could remember the 
results were comparable with those obtained by the  St. James’s 
and  Pall  Mall Company, in  spite of the  fact  that  the  Berlin  plant 
has  the  great  advantage of using condensers. 

Condensing plant,  although it only  slightly increases the economy 
when  the steam-dynamos are  running  fully loaded, has a great 
effect in  reducing  the loss of efficiency when  they  are only 
partially loaded. At  the  Gothenburg  Central  Stations, where 
dynamos made by  the Author’s firm are  driven  by ropes from 200 
HP. vertical  triple-expansion condensing  engines, made by  Scott 
and Hodgson, of Manchester, this  fact  has been very notice- 
able. During  the first year,  the  water for  condensing  purposes 
was  not available, and  the  engines  had  to be run  at high-pressure, 
exhausting  into  the atmosphere ; but  although  the consumption of 
coal was  found  not to be excessive at   the time of highest load, yet 
such a saving was effected at  the  time of low loads since the con- 
densing  plant  has been put  into  action,  that  the  total of the  fuel 
for the  year  has been  reduced to 60 per cent. This shows that 
every effort should be made by London engineers  to  introduce 
air-condensers,  even  if they can only be made of sufficient power 
to condense the  steam used by  such  engines as are  running 
partially loaded, still  allowing  the  exhaust from those fully loaded 
to escape into  the chimney.  Such an  arrangement would, in  the 
Author’s opinion, effect an  important  reduction  in  the cost of fuel 
i n  central  stations  where  the load-factor is low. 

The  direction  in  which  the  Author looks for improvement in  
boiler-duty  with a low load-factor, is in  a return  to  the older 
type of internally-fired boilers, such  as  the locomotive, Lancashire, 
or  marine  type, or to a modification of the  latter. As before 
stated,  the chief cause of the  small  evaporative  duty  in low load- 
factor  stations is the  lighting  and  firing  up of several boilers for 
only  short periods every evening, so that  there  is  an immense waste 
of heat from radiation  and convection as  the boilers cool down 
after  being  thrown  out of use. Such losses are  at a  maximum 
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when  the boilers are  externally fired,  and particularly  with  water- 
tube boilers, which  are obliged to  have  a  large grate-surface, and 
in  which  there  is  a  great  amount of brickwork in  direct  contact 
with  the incandescent  fuel. In fact, the boiler which has within 
its water-cooling  area the longest path for the heated  gases 
before they come in contact with brickwork,  is,  other things 
being equal, the best  suited  for  low  load-factor  central-stations. 
Local  circumstances will decide  which  internally-fired  boiler  is 
best in  each case. The  Author  had designed  for  him, by Mr. 
W. H. Maw,  some large locomotive-boilers with copper  fire-boxes 
for it lighting  station  at Victoria  Station,  Pimlico.  These  boilers 
have  continuously  given  highly  satisfactory  results,  and  he would 
have  gladly repeated this design at  Kensington, but it was  im- 
possible t o  obtain  sufficient  space in  front of the smoke-boxes to 
sweep out  the tubes. The St.  James’s and  Pall Mall Electric 
Lighting Company have employed large locomotive-boilers  sup- 
plied by Davey, Paxman & Co.,  of Colchester,  which  have given 
satisfactory  results. The use of the  ordinary  return-tube  marine 
boilers  has  been limited  owing to the  great difficulty of trans- 
porting  them  by  rail  when of large  size; moreover, when  the 
diameter  is reduced and  the  length increased  beyond  a certain 
limit,  they  are  liable  to  give  trouble from unequal  heating of 
the lower  plates. A modified form of marine boiler  has  been 
constructed by Davey, Paxman & Co., called the “ economic type,” 
shown in Figs. 9, 10, 11, 12, Plate 2. This  type  is  known on 
the Clyde as  the dry-back  boiler. It is not more than 9 feet in  
diameter,  and  the  furnaces  are contained in two  cylindrical flues, 
crossed in  advance of the fire-bridge by Galloway  tubes. The 
products of combustion  pass right  through to the back, and  are 
thrown  upwards  and made to  return  to  the  front end through  the 
tubes  by means of the deflecting  fire-brick dry back.” A good 
many of these  boilers  have  been in  use  for  a  long time  in  the 
Glasgow district,  and have given  a  high  evaporative efficiency. 
The Westminster  Electric  Supply  Company  have  ordered  several 
of them for their Eccleston  Place  station. Mr. Michael  Longridge 
and  the  Author designed an improved  form,  which is shown in 
Figs. 13, 14, 15, 16, Plate 2. It is a  large  diameter  cylindrical 
boiler, with two  furnaces  placed  high  within it. The products of 
combustion, after  passing  through t o  the end, are deflected down- 
wards by a  fire-brick dry back,  and then passed back to the  front 
of the boiler through  tubes placed below the furnaces to  a smoke- 
box or chamber  formed  beneath the fireman’s feet,  from  whence 
they pass  under  the  bottom of the boiler on their  way to the 
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stack. This arrangement of the flues and  tubes  is  not  only more 
theoretically perfect than  the  usual one, but it also offers the  great 
additional  advantage of avoiding  the  encumbering of the boiler 
front  with  the  usual overhead smoke-box, which  radiates  a 
great deal of heat  into  the boiler-room,  and  prevents the  attach- 
ment of the  ordinary fittings. It also  ensures the bottom 
of the boiler  being kept  warm from the  first moment of lighting 
the fire, and  thus avoids the evils of cold water  remaining for 
a long  time  under  the flues after steam is  first got up, a defect 
which occurs with  the  ordinary  marine  type,  and  is  liable  to 
cause strains  and leakage. The Author  cannot  understand 
why  the well-known  Lancashire  boiler  should not  have been 
used in  electric  generating-stations. The difficulty of making 
the flues of sufficient strength to  stand  the  high pressures  required 
has  long  since  been overcome, and  there seems no reason why  they 
should  not  be  adopted in  all  stations where  sufficient  space  can 
be found  for  them. From  this cause the  Author  has  not been 
able to use them  until  lately,  but  he  is  employing  them  in 
the new station at  Northampton. The Liverpool Electric Storage 
Company and  the Bradford  Corporation  have  adopted them  with 
success and economy, and Mr. Shoolbred  has specified them for 
the new station at  Brighton. 

Recently  an improvement in  the shape of giving  an  internally- 
fired or water-cased  furnace to  the water-tube  boiler  has been 
introduced by Mr. Mills. His furnace  takes  the  form of a short 
Cornish  boiler  placed in much the same  position as  the  grate 
of the Babcock and Wilcox boiler. The products of combustion, 
after passing  through  the flue of the  short water-cased  furnace, 
turn upwards  and follow the  usual course, zigzagging  through  the 
water-tubes on their  way to  the smoke stack. 

It is undeniable that  the  water-tube  type, if the disadvantages 
of external  firing can be got rid of, is a  very  desirable  and 
convenient one for  electric-light  stations. The fact  that,  as  a rule, 
there  is  not  great  length available  from  front  to  back,  and that 
these  boilers,  being made of separate  parts,  are  easy to  transport  and 
easy to  build  into position, and  their  rectangular form,  make 
them  particularly  well  suited for  central-station  work  where  space 
is limited  and costly. None of the  other  types  alluded  to  are 
more than 8 feet  high, whereas  these  can with  advantage be 
built  up  to a height of from 14 feet to 16  feet, and  thus 
effectively utilize  the space. In  passing in review the possible 
variations  or improvements on the  existing  arrangements  at 
Kensington, it is  well to  remember that  the chief  points  to be 
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aimed at  in providing economical and  satisfactory  boiler-power  for 
low  load-factor  electric stations  are :- 

l. That  the boilers  should be capable of rapidly  and economically 
raising steam without  having  to  heat  up masses of brickwork. 

2. That  they should be easily  cleaned and  repaired  when in  
position. 

3. That  the space  required  for  flue-  and  tube-sweeping  purposes 
should  correspond with  that  in  front of the boiler  provided  for 
firing-purposes. 
4. That for  ready  transport  and economy of space, the  width of 

each  boiler  should  not exceed 9 feet, the  length  about 12 feet, and 
that  the  greater  the  vertical space occupied the  better,  up to a 
height of 14 feet  or 16 feet. 

PART II.--DISTRIBUTION. 
In  the consideration of the various  factors  which  govern the 

cost of the generation of electrical  energy,  the  Author  believes 
that he  has  to  a  great  extent succeeded in  steering  clear o f  con- 
troversial  matter.  The  prejudicial effect  of a low  load-factor  has 
never  been in  dispute. It is  rather  the  extent to  which it affects 
the cost, which  has  not  yet been  sufficiently  appreciated. With 
regard to  the question of the  distribution of the  energy  the case 
is different. 

In  England,  in America, and on the Continent of Europe, 
widely  varying opinions are held as  to  the comparative merits of 
low-pressure  direct-current,  and  high-pressure  alternating-current 
supply. So long  ago  as  April 1888, the  Author read  a Paper on 
the  merits of these  two systems  before the Society of Telegraph 
Engineers,l  and  pointed  out  that  far too much  was  expected  from 
the  then  newly discovered alternating  transformer system,  which, 
although it promised  a ready means of distributing  electrical 
energy  to considerable distances-in fact, to distances  which 
would be impossible with  the direct  low-pressure  supply-yet 
entailed  a loss of energy sufficiently great  to seriously  handicap 
its use if  applied to  distribution in  large towns. It was also 
shown that a modified system of low-pressure  supply, by  using 
accumulator  stations as  a means of transforming  electrical  energy 
at  a  pressure of about 440 volts  when  generated at  the  central 
station  to  the 110 volts  required in  the consumers’ houses, could 
compete  favourably in  all respects with  the  alternating  trans- 
former  system. 

Journal of the  Society of Telegraph Engineers, vol. xvii. p. 349. 
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In the discussion which followed, opinions  appeared to be 
evenly  divided;  but  during  the  three  years since elapsed, there 
seems to  have been a  decided  reaction in  favour of the low-pressure 
distribution  with or without accumulators. Nost of the specifica- 
tions  recently issued  for the  lighting of large  towns on the 
Continent  have been  for  a  low-pressure supply,  and  both from 
the  wording of them,  and from the  guarantees  inserted  as  to  the 
standard of efficiency in  generating  and  distributing  plant, it is 
evident  that those who drew  them  up  are of opinion that  the 
efficiency of distribution of the  alternating-transformer system is 
considerably below that of the  direct  supply. 

As the cost is made up of that of the  upkeep of the  distributing 
plant,  that is, of the conductors and  other  apparatus  directly 
connected with it, and of the  percentage of the  energy  which  is 
lost by the  fall o f  pressure in these conductors, it follows that  the 
merit of competing  systems  can be calculated by a modification of 
Sir William Thomson’s well-known formula for determining  the 
amount of copper to be used in  electric conductors. It is difficult 
to  apply this method of comparison to  the systems now in use, as 
the cost of upkeep  is  not  yet known with sufficient accuracy. 
Fairly  accurate  estimates  with respect to  the  repairs  and  renewals 
of the  generating  plant can easily be made, because the condi- 
tions resemble closely those of other  machinery of a similar 
nature,  and it is not  likely  that estimates based on general 
practice  will be very  wide of the  mark;  but  the  upkeep of 
underground  mains for conducting  electrical  energy, or of the 
transformers or accumulators used as  transformers  (which form 
part of the  distributing  plant), is not  well understood.  Such 
apparatus  has not been in use for  a sufficient number of years  to 
enable  the  estimates to be verified. The useful life of the various 
substances  used  for insulating  and  protecting  the  underground 
conductors is  yet a matter of conjecture, and no one can say  with 
any degree of certainty  what  sum it is necessary to  put aside to 
provide a sufficient fund for their renewal. 

The Author’s  opinion,  corroborated by  that of other engineers, 
is that wherever  underground  mains consist of continuously 
insulated cables, the  sum  required for upkeep  will be not less 
than 4 per cent. on the  original cost, and  is  not  likely  to exceed 
7 per cent.  When,  however, the  underground  mains  take  the 
form of bare copper conductors, with  glass  or porcelain insulators, 
the cost of upkeep  may  be as low as  from 1 to 2 per cent. 

The  distribution-system of the  Kensington  and  Knightsbridge 
Company was devised by  the  Author,  and is of the  latter  kind, 
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that  is  to say, it consists of a network of mains  extending 
throughout 11 miles of streets  in  the  district.  Figs. 1 to 8, 
Plate 2, shorn the method of laying,  supporting, and strain- 
ing  the  flat copper-strip  conductors which  are used. They 
are  strained over glass insulators fixed in  rectangular  culverts 
formed in cement-concrete under  the footways. The  central  idea 
of the  design is that  the system  should  be  carried out as a 
whole, ample space being allowed for the  introduction of extra 
copper whenever  the increased  demand for enerbgy requires it. 
Also, that  openings  with movable covers should  be  provided, 
SO close to each house that  all  repairs t o  the  mains and attach- 
ments of additional houses should  be  made without  breaking 
up or interfering  with  the surface of the  pavements or streets. 
This system of bare copper conductors in  culverts has been 
carried out  wherever space could be  obtained under  the foot- 
ways;  but  in  many  instances  the  Author  was compelled to 
resort  to  the use of continuously  insulated cables drawn  into 
wrought-iron pipes. In every case a sufficient nulllber of pipes 
was provided to allow  space for the  extra cables which  may  be 
needed in  the  future.  The  Author believes that  the cost of 
upkeep  will  not exceed l per cent. of the first cost of the  culvert 
portion, 24 per  cent. on that of the pipe-work, and 6 per cent. 
on the  insulated cables drawn  into  those pipes. The same 
system has been  adopted, with  slight modifications, by the 
St. James’s and Pall Mall Company, the  Westminster  Electric 
Supply Company, the  Notting  Hill Company, and  the St. Pancras 
Vestry.  The  Author  has also introduced it into  Birmingham 
and  several  other  large towns. The  arrangement of the con- 
ductors in the  streets  at  Kensington,  Notting  Hill, and West- 
minster,  is a modification of what is known as the  three-wire 
system,  which provides that a current  generated a t  a little 
above 200 volts is distributed to the users in  their houses a t  
100 volts. The  system of conductors may consist of two  distinct 
parts, i.e., network  and feeders. The  three conductors laid 
throughout  the  district form the  network, those of equal potential 
or pressure being coupled together a t  all the  intersection points. 
This  network is supplied  with  electrical  energy  by a number 
of feeder-mains which  run from the  generating  station  in  the 
same culverts up to various chosen points. Potential  wires 
are  carried back from these points  to  the  generating  station, 
so that  the pressure  can  be observed on suitable  voltmeters  and 
maintained  constant  by  the  engineer  in charge. This method of 
distribution is a great improvement on the  ordinary  parallel 
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system  first  introduced  for  detached  installations. Mr. Edison, 
Dr.  Hopkinson, Mr. Fritsche, a t  Berlin,  and the  Author  are 
amongst  those  who  have  introduced  various  modifications. The 
Eensington  station  is a very  fair  illustration of it in  England,  but 
perhaps  the finest  examples are  the newer stations of the  Berliner 
Elecktricitaets  Werke at  Berlin. In  some few cases, notably  at 
Liverpool and  Brighton,  where  the  area  to be lighted  is com- 
paratively small, the low-pressure distribution  has  taken place on 
the simple  parallel  or  two-wire  system; but  this method  cannot 
be  economically  carried out  when  the  length of the feeders exceeds 
300 or 400 yards. 

As the  weight of the copper in  the conductors  must be sufficient 
to meet the heaviest  winter demands, and as at  that time the per- 
centage loss must  be  heaviest,  and on account of the  high load- 
factor the loss is prolonged, it follows that a high load-factor, 
instead of reducing  the cost as in  the case of the generation, 
actually increases the loss and hence the cost of distribution. 
However,  the.  extent of this increase is  small,  and is much more 
than compensated by  the  greater economy in  total cost of units 
delivered  observed with  the  high load-factor. Thus  the  actual 
efficiency of distribution observed at  Kensington  reached  nearly 
92 per  cent. in  January,  February,  and March,  whereas, during 
the  highest load-factor in  December, it was only 87 per cent. 
This includes  not  only  the losses in  the conductors, but also  those 
in the accumulators, which  at  Eensington form part of' the  distri- 
bution-plant. In the case of the St.  James's  Company, during one 
month, an e6ciency of 97 per  cent.  has  been  observed, and 94 per 
cent. can be easily obtained, but  this,  as  the  station  has no 
accumulators,  includes  only the losses in  the mains. There  is 
therefore  every reason to believe that  the efficiency of the low- 
pressure  systems of distribution, now being carried out in London, 
will  reach an average of at least 90 per  cent., and possibly will 
exceed this figure. 

In the  distribution of electrical  energy in  country towns,  where 
much  lower  load-factors are  to be expected than  is  the case in  
London, it may  in  many cases answer t o  reduce the efficiency of 
the  distributing  plant,  if  by so doing, its  original cost  can be 
made  less. The reduction of the  interest on capital  may more 
than counterbalance the increased  cost of distribution. It is 
evident  that  this policy is most advantageous in  those  places 
where the cost of generation  is lowest. 

High-pressure Distribution.-The Author  has found  extreme  dif- 
ficulty in  obtaining  accurate accounts of the cost of distribution  by 
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the  alternating  transformer  system. I n  nearly  every case those 
to  whom  he  has  applied  for  information  have  replied that  their 
plant  has  not  yet been for  a  sufficient  time a t  work  to  enable  them 
t o  give  data  which would be of use for the purposes of this  Paper. 
While  admitting  that from the  nature of this  system it is ex- 
ceptionally difficult  to  prepare  accurate  accounts, and  to  allot  the 
various losses which  occur  to their  proper source, the Author 
cannot  help stating  that  all  the published  accounts  have  shown 
that  the  total  net cost  per unit of generating  and  distributing 
energy  by  the  alternating  transformer  system  is  greatly  in excess 
of that of the low-pressure  system. 

There seems to be no reason  to  suppose that for  equal  load-factors 
the cost of the generation of electrical  energy  in  the  form of the 
high-pressure  alternating  current,  is  much,  if a t  all, in  excess of 
that of the  direct  low-pressure  system. It follows that  the  great 
increase of total cost known t o  exist  must  lie  solely in  the  distri- 
bution. Further  than  this,  as  the essence of the  alternating 
system is, that  the cost of the copper in  the conductors is com- 
paratively so small that it is worth  while  to  make  them  large 
enough  to  reduce  the loss in  the high-pressure  part of the system 
to  something  negligible, it follows that  the losses must  take 
place  almost  entirely  in  the  transforming  apparatus.  The  Author 
has  under  his  charge  a  plant of generating  and  distributing 
machinery on the  alternating-transformer  system  for  the  public 
lighting of the  town of Chelmsford. Up  to  the  present  date  a 
small  amount of private demand has been supplied in  addition. 
In this case the machinery  is  worked  for  long  periods a t  a  high 
load-factor, SO that  the cost of generating  is  exceptionally low, 
and  as  the  load on the transformers  from the public  lighting is 
perfectly  regular, it has  been  possible  to so proportion  them that 
they  may  be worked  continuously at  their  maximum efficiency. 

Table IV, Appendix,  shows the load-factors  for the months of 
August  and December,  1890,  for this  station,  and Fig. 6 is  a 24- 
hours  load-diagram  taken on January 20th,  1891. The  annual 
load-factor is found  to be 31 - 0 ;  and  the Ibs. of coal  per unit 
generated 8.88 ; the lbs. of coal per unit delivered  10.70 ; hence 
the efficiency of distribution in  this case  reaches 83  per  cent. 
This  may be considered an extremely  favourable  example of suc- 
cessful  distribution  by  the  alternating  transformer  system,  but 
such  conditions do not resemble in  the least  those  ordinarily  met 
with. For instance, in the Kensington  district, i t  would be found 
that  in order to  serve  a  medium-sized private house, fitted  with 
about  sixty  33-watt lamps, of which, on certain occasions, such as 
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balls  or parties, forty-five lamps may  be  required  to  burn simul- 
taneously, a 1,500 watt  transformer  must be fixed. Professor 
Ayrton  tested  such a transformer,  and found it to  have an effi- 
ciency of 96 per cent. at  full load. At a quarter load it was 80 
per cent., from which  point it decreased rapidly  until  at no load 
53 watts passed continuously  through  the  primary circuit. The 
Author  has from the figures supplied  by  these tests, calculated 
the  daily load-factor of this transformer  for the most favourable 
month, i.e., December, as well as for the  other  months of the  year, 
using  the mean of many observations taken from the house-meters. 
The efficiency so found is 69 per  cent. for December, and 26 per 

Fig. G. 
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TWENTY-FOUR HOURS' LOADDIAGRAM TAKEN AT CHELMSFORD, 
JANUARY 20TH, 1891. 

cent. for August,  the mean annual efficiency being 53 per cent. 
It follows that  if an alternating-transformer system is employed 
for  lighting a residential  district in which  transformers  have 
to be  provided to  every house, and a constant pressure has  to 
be  maintained in the  mains  throughout  the  year,  the  energy 
supplied  to  the consumers' lamps  will be somewhat less than 
53 per cent. of that  generated in  the  central  station. In all 
probability  the  eEciency of this mode of distribution is really 
lower than  this.  The  published accounts of the  Brighton, 
Eastbourne,  House  to  House and Metropolitan Companies, go 
to prove, that whereas the  fuel used per  unit  generated  in 
the  St. James's  Company, on account of its  high  eficiency of 
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distribution,  has  been  only  increased  to  about 8 lbs. of coal  per 
unit delivered, that of the  other companies using  the  alternating 
system  has  been  increased  by  their low efficiency of distribution 
up to 14 or 15 lbs. I n  non-residential  districts,  where the load- 
factor  is  higher,  and  the  principal  consumption  is i n  offices, 
restaurants,  theatres,  hotels, and such  buildings  as use either a 
nearly  full  current, or  none, the  alternating-transformer  system  will 
give  far  greater economy; in  fact,  results  varying  according  to  the 
nature of the load  between the 53 per cent. of a  purely  residential 
district,  and  the 83 per cent. of the Chelmsford installation. 
The  remedy  for  this defect in  the  alternating system is obvious. 
It consists of what  has been  called in America ‘ L  banking” 
the transformers.  Such a course  was  recommended by  the 
Author, in  the discussion which followed his Paper, at   the 
Telegraph  Engineers,  in 1888,’ and was  then  approved  by Mr. 
Kapp  and others, since  which  time Mr. Ferranti  has  invented 
various modes of carrying it out. Banking  the  transformers 
means that a  district  to  be  supplied  with  electricity  is  laid  with 
a low-pressure network, in  all respects  similar  to that provided 
for the  direct low-pressure  system. In place, however, of the 
feeders, and  at  the  point  where  the feeder-mains are connected 
to  the net-work,  a  waterproof  and  incombustible  chamber  is 
formed  under the surface of the roadway,  and in  it a  number of 
transformers of graduated sizes arranged,  with  the  high-pressure 
mains  connected  to  them. I n  this  way  the  transformers  may be 
switched into  action  automatically  as  required;  that is to say, 
during  the  hours of light load, one of the smallest  only is   in 
action, and  the  others  are  automatically  added as the  demand 
increases. By this  method, no doubt  the efficiency of distribution 
of the  alternating-transformer  system  can be made  as  high,  or 
nearly as high,  as  that of the Iqw-pressure  system.  Such arrange- 
ments,  however, will  seriously affect the cost. The space  for 
these  transformer-pits  is  not  always  readily  available,  and con- 
siderable  expense  must  be  incurred in order  to  keep  them  free 
from water,  and  to  insure  that  the  automatic  apparatus is such 
that it will  act  with  certainty. 

To summarize, the  Author  has endeavoured to show- 
1. The  actual cost of generating  and  distributing  electrical 

energy  on  the scale a t  which it is now  produced, and with  the 
machinery that  is already  installed. 

Journal of the Society of Telegmph Engineers, vol. xvii. p. 349. 
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2. The directions in  which  improvements might be introduced 
to secure greater economy. 

3. The  important effect of a  variable  load-factor, which  might 
be  almost  entirely  eliminated from the cost-sheets of those  who 
desire to employ  electrical  energy continuously, as in electric 
deposition,  sewage  purification, tanning,  bleaching  and  the  like, 
and in the generation of energy  required  for  railways,  tramways, ' 
or mining machinery. 
4. That  the losses in distribution  in low-pressure supply  are 

already so low that  further improvement  cannot be expected. 
5. That  the  existing systems of alternating  supply  will  have 

to be  greatly modified if  they  are  to be used in  residential 
neighbourhoods having low  load-factors. 

The Paper is accompanied by a  number of drawings from  which 
Plates 1 and 2 and  the Figs. in the  text have  been  prepared. 

[APPENDIX. 
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TABLE II.-SHOWINC THE MOST ECONOXICAL PERCENTAGE OF ACCUMULATORS TO 
MOTORIAL P ~ ~ ~ ~ . - l , 0 0 0 , 0 0 0  UNITS PER ANNUN = 1,100 KILOWATT PLANT. 

Cost and Upkeep, etc. 

Cost of fuel, water  and' 
petty stores . . . . , 

Engine-room  labour . 
Upkeep of engines  and' 

dynamos . . . . ., 
Upkeep of boilers . . 
Upkeep of accumulators . 
Total  upkeep, etc. . . . 

Cost of upkeep,etc., per  unit, 
i n  pence . . . . . 

3,050 2,450 
900 800 

2,450 2,100 

800 1,700 

8,200 7,950 

1.975 1 .9  

1,000 900 

--,- 

-. 

l 
-1-1- 

2,350 2.300 2,250 
750 750 750 

1,750 1,400 1,200 
800 650 500 

2,550  3,400  4,200 

8,200  8,500  8,900 

1.98  2.075  2.165 

p-- 

TABLE III.--COMPARISON O F  LOSSES AND EFFICIENCIES O F  STEAM-DYNAHOS, 
mI?LANS' ENGINES, DYNAMO MACHINES BY VARIOUS  MAKERS. 

Kapp. Crompton' Hopkinson. 
Edison- Goolden. 

Location of Losses,  etc. 

Load. 
Full 

Load. Load. Load. Load. Load. Load. Load. 
Half Full Half Fall Half Full Half 

Armature  resistance. 
Field-magnets . . 

520 1,820 780 3151 3,071 1,220 263 1,090 

Friction,  Fpucault,} 
660 660 1,093 756 1,702 756 840 1,130 

core and  minding . 
9601 960 

274 2741 821 821 

and loss dynamo in en@e} . . 9 , 1 0 0 1 7 , 9 8 8  8,l'io 7,265 18,882 1 6 , 9 8 2 , G  9,244 

5,920  5,920 13,288 13,288  5,920  5,920 5,920  5,920 ,, engine. 
3,324 4,624 2,694  5,591  1,345 2,250 3,180  2,063 Total loss in dynamo 

2,144  2,144 

Nett  output in Watts 

~-___ 
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TABLE IV.-WORIUXQ COST AND EFFICIENCY OF THE ELECTRIC LIGHTINQ 
INSTALLATION AT CHELMSFORD. 

Load factor  for December 1890 . . . . . .  = 43.0 
,, .. ,, August . . . . . . . .  = 19.70 
,,  ,, mean of year . . . . . . . .  = 31.0 

Evaporstion . . . . . . . . . . .  = 9.250 
Coal  per unit generated . . . . . . . .  = 8.88 lbs. 
,, ,, ,, sold.  . . . . . . . . .  = 10.7 lba. 

Efficiency of distribution. . . . . . . .  83 per cent. 
Cost of coal per unit delivered . . . . . .  1 -49 
Engine-room labour . . . . . . . . .  0.60 
Petty stores. . . . . . . . . . . .  0-135 
Total per unit  delivered . . . . . . . .  2 . 225 pence. . . . .  ,, generated . . . . . . . .  1.83 ,, 
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